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Int roduct ion 

As p a r t  of t~ :e  Uavy'r h i@ t e q k r a t u r e  e l e c t r o n i c s  
p r o g r n ,  h i @  t a p r a t u r -  b a r r i e r  r t a l l i z a t i o m  wcrc .. 
u r r s s c d  and t r r t t d  f o r  I ~ L  q d  ClbS app l i ca t ion r .  L i f e  
t e a t 8  were acce le ra t ed  t o  375 C i n  v iev of the -55O~ t o  
+3W C temperature r m g e  e s t ab l i shed  f o r  engine-located 
e l e c t r o n i c r  without f u e l  cooling. 

The gold-refractory  m e t a l l i z a t i o m  evaluated wcrc 
Au-Tim-PtSi, Au-TiW/Ti02/TiW-PtSi a d  Au-TiW(N)-PtSi. 

These m e t a l l i z a t i o n  s p t c m s  vcrc  thermal ly  anncalcd t o  
a t  l e a s t  375O~ f o r  up t o  2H) hours. The c r i t i c a l  re- 
q u i r a e n t  f o r  s t a b l e  d i f f w i o n  b a r r i e r  is the TiU g r a i n  

r i t e .  Sull g r a i g  (2502-5001) f i lms were obrcrved t o  be 
s t a b l e  up t o  375 C. Dcporit ion t o  T i 3  d i f f u s i n n  b c r r i e r  
i n  the  presence of oxygen and n i t rogen  a l s o  r e s u l t s  i n  
an e f f e c t i v e  d i f f u r i o n  b a r r i e r .  L i f e  t e s t s  a t  3 4 0 ~ ~  up 
t o  100 hour, have been copplr?ted. 

AES p r o f i l e s  of the  P tS i  i nd ica t e s  saac  pcnct;ation 
by the  TIY. I n  the  case of PtSi/TiU i n t e r f a c e ,  t he  re- 
d i s t r i b u t i o n  of oxygen f u r t h e r  pa r s iva tc s  the s y s t ~ m  by 
forming a Ti02 l aye r  a t  thc  i n t e r f a c e .  Characterization 

2 of I L deviccs subjected t .  340 '~  anncais w i l l  a l s o  bc 
presented. 

High Temperature H e t a l l i z a t i o n s  

The Au-TiW Systcm 

Previous i a ~ c s t i g a t i o n s ~ - ~  on the  i n t e r d ~ f f v s i o n  
and r e l i a b i l i t y  of  Au-reftactcry f i lms  uscd i n  d c v i i r s  
have neglected "subr t ra te"  e f f e c t s .  It is  recognized 
t h a t  t he  s u b s t r a t e  can bc a very  a c t i v e  mcmlcr of d i f -  
f w i o n  couples vhich may i n  many cascs  r c c c l c r a t e  dcgra- 
da t ioo  observed i n  t h e  gold conductor and rcLractory  
b a r r i e r .  

and P tS i  a r e  r h a m  i n  ri@r 1. A t  37s0c thc rc  i r  ao 
e n h a n c m n t  of the di:fwicrn between S i  m d  Ti(W). Thir  
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In  a s ses s ing  the  high L e o p c r a t ~ r c  r e l i a b i l i t y  of [cI Si-RL-Wlfl)-Au 
Au-Ti(W) f i lms  f o r  high temperature app l i ca t ions ,  we nsOc a HAS 
compare the  r o l e  t h a t  3 d i f f e r e n t  in tervening l aye r s  cn Z 
r i l i c o n  s u b s t r a t e s  p lay i n  the etsbility of these  metal- b I.O..~~ t \ ,---.---!!!!EL Si l i u t i o n s .  T b s c  i i y e r s  a r e  P tS i ,  SiOZ and Si3N4. Each R m. ; I  
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of the  l aye r s  have, on occasion, been incorporated i n  
UPTS. The S i  N i s  uscd f o r  pass iva t ion  and the  P tS i  3 4 
l aye r  is  used a s  the o h t i c  con tac t .  

Table I  summarizes the depos i t ion  condi t ions ,  giv- 
ing f i l m  th i ckncs r ,  s p u t t e r  t a r g e t ,  s u b s t r a t e  t e m p r a -  
t u r e  and f i l m  c h a r a c t e r i s t i c s .  

TABLE I 

Deposition Condition8 f o r  Small Grain S ize  
TiW Di f fu r ion  Bar r i e r s  

Film Thickness 12002 - 18008 

I@ Sput tered W O q 7  Target 

Subs t r a t e  Tempraturc  1 ZOOC 

R e r i r t i v i t y  of TiW 77 p Q-cm 
Grain S ize  250 - 7502 

The d i f f e rence r  i n  the  Ti(W) r e a c t i o n  with S i ,  S i02 

Figure I .  Dif fus ion  p r o f i l e r o f  the TiW d i f f u s i o n  
b a r r i e r .  (A) S i l i c o n  s u b r t r a t e ,  (B) Si02/Si  
s u b r t r a t e ,  (C) P tS i /S i  

i r  as expactcd from the d i f f u r i v i t i e s  of t hese  r y s t e a r  

which i r  of the o rde r  of ca / rec .  Likewire,  t he  
i n t e r d i f f u r i o n  e f f e c t s  a r e  minimal between Si02 and 

ri(W) a t  t h i s  t e n p r a t u r c .  Hwever ,  when the  l a y e r  is 
P tS i ,  i t  a c t r  a s  .I rourcc  and r i n k  f o r  S i l i c o n  a t o m  
r e r u l t i n g  i n  the  o r ~ t d i f f u s i o n  of  S i  i n t o  t h e  r e f r a c t o r y  
f i lm.  The c o u n t  of S i  de t ec t ed  i n  the  Ti(W1 f i l m  i r  
not r r c i r f a c t o r i l y  expla ined f r m  a r o l i d  r o l u b i l i t y  



ar-nt. There resu l t8  agree with our previour work 
6 t h  Ta on S i  m d  PtSi and with Sinha'r work with WSi2 

formation on PtSi-Si substrater .  The excesr r i l i c o n  i n  
the TiW wi l l  r c r u l t  i n  a refractory r i l i c i d e  fornation 
a t  higher temperatures. Our coaclurion, t o  date, is  
tha t  the #u-TiW ryrtem with m a l l  p a i n  TiW is s t a b l e  
up t o  375 C. 

The Oxide/Nitride Arrir ted Diffurion Barr ierr  

The depori t ion of TiW i n  the presence of oxygen 
overpiersure o r  nitrogen has been determined t o  improve 
the overal l  thermal s t a b i l i t y  of the TiW diffusion bar- 

r i e r .  An overpressure of Torr of oxygen or  ni t ro-  
gen war used i n  each case r e r u l t i n g  i n  T i t a n i m  n i t r i d e  

parr ivat ion of the TiW grain boundaries .4'5 Since thg 
primary d i f fus ion  mechanism a t  temperatures b e l w  500 C 
is gra in  boundary d i f fur ion ,  the formation of TiN a t  
che TiW grain boundaries i n h i b i t s  s ign i f ican t  grain 
boundaries up t o  4 5 0 ~ ~ .  The Au-TiW(TiN)-Pt~i system 
war found t o  be s t a b l e  up t o  0 5 0 ~ ~  as  shown i n  Table 11, 
vhere the a t .  X S i  and Au detected i n  the bulk of the 
TiW by energy dispersive x-ray analysis  i smmarized. 

TABLE I1 

Evaluation of the TiW(TiN) Diffusion Barrier 
up t o  4 5 0 ~ ~  

Anneal Temperature a t .  X S i  a t .  % Au 
(100 h r s )  Detected i n  TiW(TiN) 

Rouevet, a t  450°C, the s ign i f ican t  observation is tha t  
S i l i con  was not observed i n  the Au overlayer t h t s  show- 
ing the overa l l  s t a b i l i t y  of T i w ( T i ~ )  a s  a diffusion 
bar r ie r .  

2 I L Test Elements With Au-TiW M e t a l l i z a t i o ~ s  

As par t  of the Navy's High Temperature Electronics 
" 

a custom I ~ L  metal l izat ion t e s t  mark s e t  'rids been pro- 
cessed using the Au-TiW-PtSi system. The t e s t  mask 
includes a nlrmber of d i f fe ren t  t e s t  elements which a r c  
aimed a t  determining design constraints  on ohmic con- 
t a c t s ,  metal vidth anJ spacing. Also included a r e  sym- 

2 metrical  c e l l  I L logic  gates and r ing  osc i l l a to rs .  The 
i n i t i a l  t e s t  r e s u l t s  look promising i n  tha t  2 of 6 (8%) 
of the o r c i l l a t o r s  fa i l ed  within 275 hours. A t 3 t a l  of 
s i x  o s c i l l a t o r s  have now reached 580 hours with no 
fa i lu res .  These t e s t s  are  continuing and additional 
refinements t o  the metal l izat ion w i l l  be incormrated 

2 i n  the I L devices t o  be procesred i n  the future. 
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